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(54) CLOCK SIGNAL DISTRIBUTING ClRCUrT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a clock signal 
distributing circuit for distributing a clock signal having a 
1:1 duty ratio in the same timing. 
SOLUTION: Invertors 2, 3, 4, and 5 connected like a tree 
and having an even number of stages are designed so 
that the delay time a at the time of buildup can be 
made equal and that a delay time j8 at the time of decay 
can also be made equal. When a clock signal CK having a 
1:1 duty ratio is inputted to the input side of the inverter 
2 of the first stage, a clock signal having a 1:1 duty ratio 
is outputted from the inverter 5 in the fourth stage with 
a 2(a + {$ ) delay, and supplied to the clock terminal C of 
a FFCflip flop) 6 being a sequential circuit element in an 
integrated circuit. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the clock signal distribution circuit which 
distributes a clock signal common to sequential circuit elements, such as two or more latch 
circuitry, to the same timing in an integrated circuit etc. 
[0002] 

[Description of the Prior Art] In order for the same timing to distribute a clock signal common to 
sequential circuit elements, such as two or more flip flops (henceforth "FF"), and latch circuitry, 
in the conventional integrated circuit, Two or more buffer amplifiers are connected to 
arborescence, and the clock signal distribution circuit by the clock tree which considered the 
width and length of wiring as the time delay by connection wiring becoming fixed is used. A 
buffer amplifier chooses the buffer amplifier which has suitable driving ability, and he is trying 
to use it out of the standard circuit element library corresponding to the manufacturing process of 
the integrated circuit. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the following technical problems occurred 
in the conventional clock signal distribution circuit. A buffer amplifier is chosen and also the 
width and length of connection wiring which connect these are designed so that the time delay of 
the clock signal distributed to each sequential circuit element may become the same. Thereby, 
the clock signal which rises to each sequential circuit element to the same timing mostly can be 
distributed. However, if the time delay at the time of the standup of a buffer amplifier differs 
from the time delay at the time of falling, the ratio (henceforth a "duty ratio") of time for the 
clock signal supplied to each sequential circuit element to be level"H" to time to be a level "L" 
will not be set to 1:1. When the number of stages of the buffer amplifier used for a clock tree 
increased by large- scale-ization of the integrated circuit, the difference of the time delay might 
be expanded and the duty ratio of the clock signal might shift from 1:1 greatly. 
[0004]On the other hand, a control circuit is constituted using the half -phase period of "H" 
period and "L" period of a clock signal in many cases for the improved efficiency of an 
integrated circuit. In the control circuit using a half-phase period, since it was premised on a duty 
ratio being 1:1, when the duty ratio of the clock signal actually given shifted from 1:1, there was 
a possibility that predetermined operation might become impossible. 

[0005]This invention solves the technical problem which said conventional technology had, and 
provides the clock signal distribution circuit which can distribute the clock signal which has a 
duty ratio of 1:1 to the same timing. 
[0006] 

[Means for Solving the Problem] In order to solve said technical problem, the 1st invention of 
this inventions, In a clock signal distribution circuit which distributes a given clock signal to a 
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sequential circuit element via two or more steps of buffer amplifiers, This buffer amplifier is 
connected to arborescence so that said clock signal may be supplied to said sequential circuit 
element via said buffer amplifier of even level, and a buffer amplifier of each of said stage 
consists of inversed amplifiers with an equal time delay at the time of falling in which a time 
delay at the time of a standup is equal. 

[0007]Since a clock signal distribution circuit was constituted as mentioned above according to 
the 1st invention, the following operations are performed. A given clock signal is distributed to a 
sequential circuit element via an inversed amplifier of even level connected to arborescence. A 
time delay at the time of a standup of each inversed amplifier is set up equally, and a time delay 
at the time of falling is also set up equally. Therefore, a time delay at the time of total falling of a 
clock signal distributed to a sequential circuit element via an inversed amplifier of even level and 
a time delay at the time of a standup become equal, and a given clock signal and a clock signal 
which has the same duty ratio are distributed. 

[0008]In a clock signal distribution circuit which distributes a clock signal with which the 2nd 
invention was given to a sequential circuit element via two or more steps of buffer amplifiers, FF 
which is reversed by turns and outputs a retained content in a standup or falling timing of an 
output signal of this buffer amplifier between a buffer amplifier of a final stage of said buffer 
amplifiers and said sequential circuit element is provided. 

[0009] According to the 2nd invention, the following operations are performed. A given clock 
signal is distributed via two or more steps of buffer amplifiers, is given to FF, and dividing of it 
is carried out to one half, and it is given to a sequential circuit element. In FF, since dividing 
operation is performed, for example in timing of a standup of an input signal, regardless of a 
duty ratio of a given input signal, an output signal which always has a duty ratio of 1:1 is 
acquired. 

[0010]In a clock signal distribution circuit which distributes a clock signal with which the 3rd 
invention was given to a sequential circuit element via two or more steps of buffer amplifiers, 
Said duty amendment part which supervises two or more output signals of a buffer amplifier of a 
final stage of the buffer amplifiers of a stage, controls a duty ratio of said clock signal so that a 
duty ratio of this output signal is set to 1:1, and is given to a buffer amplifier of the first rank of 
the buffer amplifiers of these two or more stages is provided. 

[0011] According to the 3rd invention, the following operations are performed. A duty ratio is 
controlled by a duty amendment part, and a given clock signal is given to a buffer amplifier of 
the first rank. At this time, an output signal of a buffer amplifier of a final stage is supervised, 
and a duty ratio of a clock signal is controlled by a duty amendment part so that a duty ratio of 
this output signal is set to 1:1. 
[0012] 

[Embodiment of the Invention] (A 1st embodiment) Drawing 1 is a lineblock diagram of a clock 
signal distribution circuit showing a 1st embodiment of this invention. This clock signal 
distribution circuit has the terminal 1 in which clock signal CK distributed to the sequential 
circuit element in an integrated circuit from a clock signal generator etc. is given. The inversed 
amplifier (for example, inverter) of even level (for example, four steps) connected to 
arborescence is connected to the terminal 1. That is, the input side of the inverter 2 is connected 
to the terminal 1, and the input side of two or more inverter 3 i, — , 3 w is connected to the output 
side of this inverter 2. In the output side of inverter 3 i - 3 w - The input side of two or more 
inverter 4 i, 4 2 , — , 4 x is connected, and the input side of inverter 5 i, 5 2, — , 5 y is connected to 
the output side of these inverter 4 1 - 4 x . 
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[0013]And the output side of the 4th step of inverter 5 i - 5 y is connected to the clock terminal of 
sequential circuit elements, such as FF6 i, 6 2, — , 6 z - All of these inverters 2, 3 1 - 3 w , 4 1 - 4 x , 5 
1 - 5 y are designed so that it may become the time alpha when the time delay at the time of a 
standup is the same and the time delay at the time of falling may turn into the same time beta. 
rOO 141 Drawing 2 is a signal waveform diagram showing operation of drawing 1 . Hereafter, 
operation of drawing 1 is explained, referring to this drawing 2. If clock signal CK rises, the 
signal S2 outputted from the inverter 2 will fall [ time / beta ]. Since the signal S2 is given 
common to inverter 3 1 - 3 w , the signal S3 outputted from these inverter 3 1 - 3 w recovers from 
falling of this signal S2 [ time / alpha ]. Therefore, the standup of the signal S3 is delayed for the 
standup of clock signal CK only time (alpha+beta). 

[0015]On the other hand, if clock signal CK falls, the signal S2 outputted from the inverter 2 will 
rise [ time / alpha ]. Since the signal S2 is given common to inverter 3 1 - 3 w , the signal S3 
outputted from these inverter 3 1 - 3 w falls from the standup of this signal S2 [ time / beta ] . 
Therefore, falling of the signal S3 is delayed for falling of clock signal CK only time 
(alpha+beta). 

[0016]That is, the signal S3 outputted from inverter 3 1 - 3 w serves as the waveform as that for 
which only time (alpha+beta) was delayed with same clock signal CK. Similarly, the signal S5 
outputted from inverter 5 1 - 5 y serves as the waveform as that for which only the time 2 
(alpha+beta) was delayed with same clock signal CK, and is distributed to clock terminal C of 
FF6 1 - 6 z . 

[0017] As mentioned above, the clock signal distribution circuit of this 1st embodiment has 
connected the inverter with an equal time delay at the time of falling to even level arborescence 
equally [ the time delay at the time of a standup ]. Thereby, the duty ratio of the output signal of 
the inverter of a final stage becomes equal to the duty ratio of given clock signal CK. Therefore, 
there is an advantage that it can distribute to the sequential circuit element in an integrated 
circuit, without degrading the duty ratio of given clock signal CK. 

[00 18] (A 2nd embodiment) Drawing 3 is a lineblock diagram of a clock signal distribution 
circuit showing a 2nd embodiment of this invention. This clock signal distribution circuit has the 
terminal 1 1 in which clock signal CK is given. Two or more steps (for example, three steps) of 
buffer amplifiers connected to arborescence are connected to the terminal 1 1 . That is, the input 
side of the buffer amplifier 12 is connected to the terminal 11, and the input side of two or more 
buffer amplifier 13 1, — , 13 x is connected to the output side of this buffer amplifier. The input 
side of further two or more buffer amplifier 14 1, 14 2 , — , 14 y is connected to the output side of 
buffer amplifier 13 1 - 13 x - These buffer amplifier 13 1 - 13 x , 14i-14 y are designed become the 
same time delay. 

[0019]The output side of buffer amplifier 14 1 - 14 y is connected to D type FF15 1 with a reset 
function, — , clock terminal C of 15 y . The inverted output terminal/Q of each FF15 1 - 15 y 
(however, "/" means reversal) are connected to data terminal D, and 1/2 frequency divider is 
constituted. The noninverting output terminal Q of FF15 1 - 15 y is connected to the clock 
terminal of sequential circuit elements, such as FF16 1 in an integrated circuit, 16 2, — , 16 z . 
[0020]This clock signal distribution circuit is provided with the reset part 20. The reset part 20 
has the terminal 21 in which the reset signal RST is given, and this terminal 21 is connected to 
data terminal D of D type FF22. The noninverting output terminal Q of FF22 is connected to data 
terminal D of D type FF23, and the noninverting output terminal Q of this FF23 is connected to 
the 1st input side of AND gate (henceforth "AND") 24 of 3 inputs. The 2nd and 3rd input sides 
of AND24 are connected to the noninverting output terminal Q and the terminal 21 of FF22. 
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Clock terminal C of FF 22 and 23 is connected to the terminal 11, and clock signal CK is given. 
Common connection of the output side of AND24 is carried out to reset terminal R of each FF15 

1 - 15 y. 

r002 11 Drawing 4 is a signal waveform diagram showing operation of drawing 3 . Hereafter, 
operation of drawing 3 is explained, referring to this drawing 4 . First, the reset signal RST of "H" 
is given to the terminal 21, and clock signal CK is supplied to the terminal 11. Thereby, AND24 
of the reset part 20 to reset-signal RS will be outputted, and each FF15 i - 15 y will be in a reset 
state. 

[0022] Next, if "L" is given to the terminal 21 and the reset signal RST is canceled, reset- signal 
RS currently outputted from AND24 will be set to "L", and each FF15 i - 15 y will be in an 
operation enabling way. 

[0023]Clock signal CK given to the terminal 1 1 is inputted via the buffers 12, 13, and 14 to the 
same timing as clock terminal C of each FF15 i - 15 y , producing delay, respectively at the time 
of a standup and falling. In each FF15 i - 15 y , dividing is carried out to one half in the timing of 
the standup of the signal inputted into clock terminal C, and the signal by which dividing was 
carried out is distributed to clock terminal C of FF16 i - 16 z . 

[0024]As mentioned above, the clock signal distribution circuit of this 2nd embodiment has 
FF15 i which carries out dividing of the clock signal to one half, and is distributed to FF16 i - 16 
z - 15 y . There is an advantage that the clock signal which always has a duty ratio of 1:1 can be 
distributed to the sequential circuit element in an integrated circuit regardless of the duty ratio of 
given clock signal CK by this. 

[0025] (A 3rd embodiment) Drawing 5 is a lineblock diagram of a clock signal distribution circuit 
showing a 3rd embodiment of this invention. This clock signal distribution circuit is provided 
with the duty amendment part 30 which amends the duty ratio of clock signal CK. The duty 
amendment part 30 has the terminal 31 in which clock signal CK is given, and the PLL control 
part 32 is connected to this terminal 31. The PLL control part 32 outputs selection signal SEL1 
and SEL2 based on the reference signal REF and the phase contrast of clock signal CK, and it 
generates and outputs the clock signal CKO which adjusts the phase of this clock signal CK and 
has a duty ratio of 1 : 1 . 

[0026]The clock signal CKO outputted from the PLL control part 32 is given to the input side of 
the delay element (DLY) 33. Cascade connection of two more steps of delay elements 34 and 35 
is carried out to the output side of the delay element 33. The output side of the delay elements 
33-35 is connected to the input side of the selector 36. Selection signal SEL1 is given to the 
control terminal of the selector 36 from the PLL control part 32, and the output side of this 
selector 36 is connected to one input side of AND37 and OR gate (henceforth "OR") 38. The 
clock signal CKO is given to the input side of another side of AND37 and OR38 from the PLL 
control part 32. The output side of AND37 and OR38 is connected to the input side of the 
selector 39, and selection signal SEL2 is given to the control terminal of this selector 39 from the 
PLL control part 32. 

[0027]Two or more steps (for example, three steps) of buffer amplifiers connected to 
arborescence are connected to the output side of the selector 39. That is, the input side of the 
buffer amplifier 41 is connected to the output side of the selector 39, and the input side of two or 
more buffer amplifier 42 i, — , 42 x is connected to the output side of this buffer amplifier 41. The 
input side of further two or more buffer amplifier 43 i, 43 2, — , 43 y is connected to the output 
side of buffer amplifier 42 1 - 42 x . These buffer amplifier 42 1 - 42 x , 43 1 - 43 y are designed 
become the same time delay. 
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[0028]The output side of buffer amplifier 43 i - 43 y is connected to the clock terminal of 
sequential circuit elements, such as FF44 i in an integrated circuit, 44 2, — , 44 z . The output 
signal of buffer amplifier 43 y is given to the PLL control part 32 of the duty amendment part 30 
as the reference signal REF. 

r00291 Drawing 6 is a lineblock diagram of the selection signal generating section in the PLL 
control part 32 in drawing 5 . This selection signal generating section generates selection signal 
SEL1 to the selectors 38 and 39, and SEL2, and comprises the standup phase comparator 32a, 
the falling phase comparator 32b, and the pulse width counter 32c. Clock signal CK is given to 
one input side of the standup phase comparator 32a and the falling phase comparator 32b, and 
the reference signal REF is given to the input side of another side. The output side (PHY1) of the 
standup phase comparator 32a is connected to one input side of the pulse width counter 32c, and 
the output side (PHY2) of the falling phase comparator 32b is connected to the input side of 
another side of this pulse width counter 32c. And selection signal SEL1 and SEL2 are outputted 
from the pulse width counter 32c. 

r00301 Drawing 7 (a) - (e) is a signal waveform diagram showing operation of drawing 5 and 
drawing 6 . Hereafter, operation of drawing. .5. and drawing 6. is explained, referring to these 
drawing 7 (a) - (e). The PLL control part 32 is a main control section of this clock signal 
distribution circuit, and if clock signal CK is inputted into the terminal 31, phase adjustment with 
the reference signal REF will be performed. And the clock signal CKO which has a duty ratio of 
1:1 by PLL control part 32 inside is generated, and it is outputted to the delay element 33, 
AND37, and OR38. 

[0031]The clock signal CKO is delayed by the delay elements 33-35 by which cascade 
connection was carried out one by one, and the output signal Nl of these delay elements 33-35, 
N2, and N3 are given to the selector 36. 

[0032] In the selection signal generating section of drawing 6 , with the standup phase comparator 
32a, the phase contrast of the clock signal CKO and the reference signal REF is detected by 
rising edge, and is given to the pulse width counter 32c. The reference signal REF shows 
drawing 7 (a) the signal wave form at this time as a case of a leading phase to the clock signal 
CKO. 

[0033]Similarly, in the falling phase comparator 32b, the phase contrast of the clock signal CKO 
and the reference signal REF is detected by falling edge, and is given to the pulse width counter 
32c. The reference signal REF shows drawing .7 _(b) the signal wave form at this time as a case of 
a leading phase to the clock signal CKO. 

|"00341 Drawing 7 (c) is the waveform which took the logical sum of the phase contrast of the 
signal wave form of drawing 7 (a) and (b) in the pulse width counter 32c. If the result of logical 
sum is plus, the signal for choosing AND37 will be outputted as selection signal SEL2 to the 
selector 39. On the contrary, if the result of logical sum is minus, the signal for choosing OR38 
will be outputted as selection signal SEL2 of the selector 39. 

r00351 Drawing 7 (d) shows signs that a pulse number is counted, in the pulse width counter 32c. 
In order to count pulse width, the time delay of delay element 33 grade is counted as a sampling 
frequency. In the case of drawing 7 (d), a total of six pulses have counted in 1 cycle. One half of 
these counted value is outputted as control signal SEL1 to the selector 36. Counted value is set to 
one half in the output of the circuit of the clock signals CKO and AND37 or the clock signals 
CKO and OR38 because the effect of being twice many as the time delay of delay element 33 
grade is acquired. In this case, since the counted value is 6, the value of selection signal SEL1 is 
set to 3, and as shown in drawing 7 (e), the output signal N3 is chosen. 
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[0036]At the selector 36, based on selection signal SEL1, one (here N3) in the output signals Nl- 
N3 is chosen, by the selector 39, AND37 is chosen by selection signal SEL2 and the signal Y of 
this selector 39 is given to the buffer amplifier 41. The signal Y is supplied to the clock terminal 
of FF44 i - 44 z via the buffer amplifier 41 connected to arborescence, 42 i - 42 x , 43 i - 43 y . The 
output signal of buffer amplifier 43 y of a final stage is fed back to the PLL control part 32 as the 
reference signal REF. 

[0037]The fed-back reference signal REF is compared with the waveform of the duty ratio 1:1 
by the PLL control part 32. When the duty ratio of the reference signal REF is not 1:1, selection 
signal SEL1 and SEL2 are changed in the selection signal generating section of drawing 6 . And 
when the duty ratio of the reference signal REF is set to 1:1, selection signal SEL1 and SEL2 are 
fixed. 

[0038]As mentioned above, the clock signal distribution circuit of this 3rd embodiment makes 
the clock signal supplied to the sequential circuit element of FF44 grade of an end feed back as 
the reference signal REF, and has the duty amendment part 30 adjusted so that the duty ratio in 
an end may be set to 1:1. There is an advantage that the clock signal which always has a duty 
ratio of 1:1 can be distributed to the sequential circuit element in an integrated circuit by this. 
[0039]This invention is not limited to the above-mentioned embodiment, but various 
modification is possible for it. As this modification, there is a thing like following (a) - (d), for 
example. 

(a) In drawing 1 , although four steps of inverters are connected to arborescence, as long as it is 
even level, how many steps may be sufficient. 

(b) In drawing 3 and drawing 5, although three steps of buffer amplifiers are connected to 
arborescence, how many steps may be sufficient. It may replace with a buffer amplifier and an 
inverter may be used. 

[0040] (c) The composition of the reset part 20 in drawing 3 is not limited to what was illustrated. 
That is, as long as FF15 i - 15 y are simultaneously resettable, what kind of circuitry may be 
sufficient. 

(d) The composition of the duty amendment part 30 in drawing 5 is not limited to what was 
illustrated. For example, the number of the delay elements 33-35 can be increased, and it can 
also constitute so that a duty ratio may be adjusted finely or broadly. 
[0041] 

[Effect of the Invention] As explained to details above, according to the 1st invention, equally [ 
the time delay at the time of a standup ], the time delay at the time of falling connects an equal 
inversed amplifier to even level arborescence, and constitutes the clock signal distribution 
circuit. Thereby, the clock signal of the duty ratio 1 : 1 can be distributed to a sequential circuit 
element. 

[0042] According to the 2nd invention, the flip flop which reverses a retained content by turns to 
a standup or falling timing, and supplies the clock signal distributed via two or more steps of 
buffer amplifiers to a sequential circuit element is formed. Thereby, dividing of the clock signal 
is carried out to the signal of the duty ratio 1:1, and it is given to a sequential circuit element. 
[0043] According to the 3rd invention, the output signal of the buffer amplifier of a final stage 
was supervised, and the duty amendment part which controls the duty ratio of a clock signal and 
is given to the buffer amplifier of the first rank so that the duty ratio of the output signal may be 
set to 1:1 is provided. Thereby, the duty ratio of the output signal of the buffer amplifier of a 
final stage can be amended to 1:1. 
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CLAIMS 



[Claim(s)] 

[Claim l]In a clock signal distribution circuit which distributes a given clock signal to a 
sequential circuit element via two or more steps of buffer amplifiers, Connect this buffer 
amplifier to arborescence so that said clock signal may be supplied to said sequential circuit 
element via said buffer amplifier of even level, and. A clock signal distribution circuit 
constituting a buffer amplifier of each of said stage from an inversed amplifier with an equal 
time delay at the time of falling in which a time delay at the time of a standup is equal. 
[Claim 2]In a clock signal distribution circuit which distributes a given clock signal to a 
sequential circuit element via two or more steps of buffer amplifiers, A clock signal distribution 
circuit forming a flip flop which is reversed by turns and outputs a retained content in a standup 
or falling timing of an output signal of this buffer amplifier between a buffer amplifier of a final 
stage of said buffer amplifiers, and said sequential circuit element. 
[Claim 3]In a clock signal distribution circuit which distributes a given clock signal to a 
sequential circuit element via two or more steps of buffer amplifiers, An output signal of a buffer 
amplifier of a final stage of said two or more steps of buffer amplifiers is supervised, A clock 
signal distribution circuit providing a duty amendment part which controls a duty ratio of said 
clock signal and is given to a buffer amplifier of the first rank of the buffer amplifiers of these 
two or more stages so that a duty ratio of this output signal may be set to 1:1. 
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